Within the Standard Model, CP rate asymmetries for B → K − π +,0 could reach 10%. With strong final state phases, they could go up to 20-30%, even forK 0 π − mode which would have opposite sign. We can account for K − π + , K 0 π − and φK rate data with new physics enhanced color dipole coupling and destructive interference. Asymmetries could reach 40-60% for Kπ and φK modes and are all of the same sign. We are unable to account for K − π 0 rate.
Half a dozen charmless two body B decays appeared in 1997 [1] , suggesting that loop induced b → s penguin processes are prevalent. Recently, theK 0 π − rate has come down, and the K − π 0 mode has just been observed [2] . Together with K − π + , all three modes are now ≃ 1.4 × 10 −5 , with error bars of order 30%. The limit on the pure penguin mode B → φK < 0.5 × 10 −5 , however, is rather stringent. At present, one has O(10) events per observed mode. As B Factories turn on at SLAC and KEK and with the CLEO III upgrade
at Cornell, these numbers should increase to O(10 2 ) per experiment in two years, and to O(10 3 ) within five years at the B Factories. Many new modes would also emerge. Equally crucial, one would finally have event by event K/π separation. Thus, direct CP violating rate asymmetries (a CP ) at 30% and down to 10% levels can be probed in the above time frame. It is of importance to know whether such large CP asymmetries are possible, and, whether the observation of such would signal the presence of new physics.
Within the Standard Model (SM), a CP for b → s modes are suppressed by [3] Im (V us V * ub )/(V cs V * cb ) ≃ ηλ 2 < 1.7%, where λ ∼ = |V us | and η < 0.36 is the single CP violating parameter in the Wolfenstein parametrization of the Kobayashi-Maskawa (KM) matrix.
Asymmetries need not be small, however, when both tree and penguins contribute, such as 
where i is summed over u, c, t and j is summed over 3 to 8, with operators defined as 
To respect CPT and unitarity at O(α 
but only when these interfere with the tree amplitude.
We use theÕ 8 operator to illustrate the possibility of new physics induced a CP . Although b → sg (with g "on-shell" or jet-like) is only ∼ 0.2% in SM, data actually still allows [5] it to be ∼ 5%-10%, which would help alleviate [6] the long-standing low charm counting and semileptonic branching ratio problems. The recent discovery of [7] a surprisingly large semi-inclusive charmless B → η ′ +X s decay could also be [8] hinting at |c 8 | ∼ 2. Such a large dipole coupling would naturally carry a KM-independent CP violating phase, c 8 = |c 8 |e iσ , and a CP ∼ 10% in the m Xs spectrum of B → η ′ + X s is possible. It is clear that such a new phase could lead to large a CP in a plethora of b → sqq modes [9] .
The theory of exclusive rates is far from clean. One needs to evaluate all possible hadronic matrix elements of products of currents. Faced with recent CLEO data, many theorists have advocated [10] the use of N eff = 3 as a process dependent measure of deviation from factorization, which becomes a mode by mode fit parameter. One still has to assume form factors and pole values, and, for a CP evaluation, the q 2 value to take. The latter is further clouded by FSI phases. Even with such laxity, there are problems [10] already in accounting for observed rates. The η ′ K and ωK modes still appear to be high, while the yet to be observed φK mode seems too low and hard to reconcile with large η ′ K. We refrain from studying B → η ′ K as it probably has much to do with the anomaly mechanism.
Our central question is whether large a CP is possible in b → s modes, and, if so, how would they signal the presence of new physics, such as enhanced c 8 . We find that SM alone allows for sizable a CP in Kπ type of modes. This is important for the early observability of CP violating rate asymmetries, so let us first investigate the Kπ modes.
The K − π + mode receives both tree and penguin b → sūu contributions, hence we separate into two isospin amplitudes, A = A 1/2 + A 3/2 . Since color allowed amplitudes dominate, we can take N eff ≃ N = 3. Assuming factorization we find,
and for A 3/2 [11] one sets c j 3−8 to zero and substitutes 2/3, −r/3 −→ 1/3, r/3. Here,
is a BSW form factor,S πK ∼ −0.76 is a complicated form factor normalized to F 0 arising from evaluating the matrix element ofÕ 8 which involves further assumptions,
with modifications in A 3/2 and an overall factor of 1/ √ 2. The penguins contribute only to A 1/2 , hence the naively pure penguin B − →K 0 π − amplitude has just Eq. (2) with c 1,2 set to zero. Note that the c 5, 6 effects are sensitive to current quark masses because of effective density-density interaction. The impact of the c 8 term is small in SM.
The absorptive parts for c which is now favored, a CP is enhanced by destructive interference, but for cos γ < 0 the effect is opposite [3] . This can be seen in Fig. 1(a) 
respectively. The first two numbers agree well with experiment [2] , but because of the 1/ √ 2
As noted a long time ago [3] , the Kπ modes are sensitive to FSI phase differences between the two isospin amplitudes. If the FSI phase difference δ is large, it could easily overhwelm the meager perturbative absorptive parts controlled by "q 2 ". Taking out an overall phase, we write A = A 1/2 + A 3/2 e iδ , and plot in Fig. 1(c) and (d) the B r and a CP vs. δ for γ = 64
• .
The rate is not very sensitive to δ which reflects penguin dominance over tree, but a CP can now reach 20%. It may even reach 30% for K − π 0 . We stress that theK 0 π − mode is in fact also quite susceptible to FSI phases, since it is the isospin partner of K − π 0 , which definitely receives tree contributions. When δ = 0, the B − →K 0 π − mode receives tree contributions through FSI rescattering. Comparing Fig. 1(b) and (d), a CP in this mode can be much larger than the naive factorization result. However, the a CP forK 0 π − and K − π + are out of phase, hence, comparing the two cases can give information on the FSI phase δ.
To illustrate physics beyond SM, we keep N = 3 but set c 8 = 2e iσ . Since the c 8 term now dominates, the results are not very sensitive to the FSI phase δ. We plot in Fig. 1(e) and (f) the B r and a CP vs. the new physics phase σ, for γ = 64
• and δ = 0. The K − π + and K 0 π − modes are very close in rate for σ ∼ 45 • − 180
• , but the K − π 0 mode is still a factor of 2 too low. However, the a CP can now reach 50% for
These are truly large asymmetries and would be easily observed soon. They are in strong contrast to the SM case with FSI phase δ, Fig. 1(d) , and can be distinguished.
Genuine pure penguin processes arising from b → sss give cleaner probes of new physics CP violation effects. The amplitude for B − → φK − decay is
The relevant q 2 is determined by kinematics: q Around σ ∼ 145 • , the rates are largely accounted for, but a CP for φK, K − π + /K − π 0 and K 0 π − could be enhanced to the dramatic values of 55%, 45% and 35% respectively. We do fail to account for the K − π 0 rate, which is comparable to the φK mode. We caution, however, that although the K − π + mode is robust, with recalibration of CLEO II data and adding almost equivalent amount of CLEO II.5 data, theK 0 π − rate came down by almost a factor of two [2] ! Thus, a K − π 0 rate lower than the present preliminary result cannot be excluded. If the current result ofK
errors of say 15%, the enhanced c 8 model would be in trouble. From Fig. 1(a) and (c) we see that SM with Eq. (1) also does not suffice, even with FSI phases, and other effective interactions such as electroweak penguins have to be included.
We are barely able to accommodate B → ωK. Within SM one needs 1/N eff ∼ 1 to be able to account for the large B → ωK ≃ 1.5 × 10 −5 value, while for 1/N eff ≃ 0 one can account for only half. Adding new physics induced c 8 = 2e iσ effect, we are able to account for B r for both large and small N eff , but not for N = 3. However, a CP is never more than a few % and not very interesting.
To gain better understanding before we conclude, we turn towards inclusive b → sqq decays, where the theory is cleaner. The existence of b → sg at lower order does imply a log q 2 pole for the |c 8 | 2 term, which we simply cut off at q 2 ≃ 1 GeV 2 . The b → sdd case is the simplest since it is a pure penguin and c 1,2 does not contribute. The results for SM and several |c 8 | = 2 cases are given in Fig. 2(a) vs. q 2 . The B r (above the q 2 > 1 GeV 2 cut) and a CP are also given in Table 1 . The a CP is indeed small in SM, and arises mostly from belowcc threshold. The low q 2 pole is also not prominent. For enhanced c 8 , however, both the low q 2 pole and the a CP abovecc threshold become significant. The overall a CP is not much larger than SM case, since theūu cut and hence the asymmetry belowcc threshold is still suppressed by V * us V ub . However, a CP above thecc threshold could be of order 10-50%. This confirms our exclusive findings, and the a CP perhaps can be probed by the partial reconstruction technique developed in Ref. [14] . We note that for the destructive interference case of σ = 3π/4, the rate is comparable to SM and a CP is the largest.
The b → sūu process receives tree contributions also, so one keeps c 1 and c 2 in the calculation. The results are given in Fig. 2(b) and Table 1 . We now have to include gluon propagator absorptive parts for c t 3−8 terms when they interfere with tree amplitude. As noted in Ref. [3] , in SM the a CP tends to cancel between q 2 below and abovecc threshold, but in each domain the a CP could be of order 10%, supporting our B → K − π +,0 studies. For |c 8 | = 2, rather large a CP can arise above thecc threshold. For b → sss (Fig. 2(c) ) mode, one has interference with exchange graphs from identical particle effects, which explains the peculiar shape, and also smears out the rate asymmetry to all q 2 , but otherwise the qualitative features are similar to the b → sdd case. Our inclusive results therefore provide qualitative support of our exclusive studies.
We conclude that the prospects are rather bright for observing large CP violating asymmetries in charmless b → s decays in the near future. Within SM, a CP ∼ 10% for K − π + and
• which is currently favored, but < 1% forK 0 π − and φK. With large FSI phase δ, a CP in Kπ modes can be enhanced to 20-30%, even for the naively pure penguin 
